Introduction
Crop planning, particularly under rainfed condition, need thorough appraisal of the agroclimatic resources in general and rainfall and resultant crop water availability, in particular. Since such planning varies with locale and soil physical factors, a uniform plan cannot be advocated for a large region, like the plains of West Bengal. So, separate appraisal for each agroclimatic zones is very much needed. There are many literatures that have already been conducted using historical meteorological records which are suitable for assessment of the present climatic situation and its potential for Rice productivity. However, as the threat of climate change looming large in the horizon, these assessments may not be sufficient for the future periods, for which assessment of Rice production is very urgent. With the advent of various Global Circulation Models (GCMs) and Regional Circulation Models (RCMs), synthetic future daily weather data on various parameters are available for the entire global region, at very narrow coordinates even up to the end of this century.
The climate in the state of West Bengal is tropical and humid except in the northern hilly region. The average rainfall in the state is about 1750 mm. (NABARD, 2014) . 75-80% of the rainfall occur during the four months i.e., within June to September of the monsoon season, followed by four to five months dry period during November to March with having very low rainfall for crop production. Crop production during pre-kharif season i.e., February to May with jute and aus rice sown during mid-April to May may not be successful when there is delay in the onset of monsoon. The state as a whole, experiences dry sub-humid to humid climate. The warm rainy season is climatically suited to most tropical crops like rice, jute etc. (Ghosh, 1991) .
Projections of rainfall in West Bengal for mid century i.e 2050s indicates that there is no change in monsoon (June-July-AugustSeptember) rainfall in the entire region, except, an increase is indicated in the southern Sundarbans region of the South 24 Parganas and in Eastern part of Purulia. In the winters (October-November-December), however, the scenario changes, the rainfall decreases in most parts of southern Bengal, no change is seen in eastern parts of Purulia and in Coochbehar and Jalpaiguri. In summers, the rainfall is likely to decrease northwards starting from Bankura, Purulia, Burdwan, with no change in Paschim Medinipur, Hooghly, Howrah, and North 24 Parganas, and an increase in summer rainfall in the south 24 Parganas and Uttar Medinipur. The rainfall however tends to increase in the entire region by the end of the century, except in January-February period, when the rainfall is likely to decrease in the entire alluvial region from Dakshin Dinajpur in the north to Bankura, Howrah, Kolkata, and northern parts of North 24 Parganas and Paschim Medinipur in the South (Anon, 2013) .
Materials and Methods
Climate projections from 2020 through 2099 have been derived from PRECIS (Providing Regional Climate for Impact Studies), which is portable version of the HadCM3 model, developed to run with a grid resolution of 0.44° x 0.44° (Jones et al., 2004) . The climate change scenarios are driven by the GHG emission scenarios-A1B. For each climate grid daily data on rainfall, minimum temperature, maximum temperature, solar radiation, relative humidity and wind speed were available in the dataset. Five representative locations each from one agroclimatic region, viz., Terai (Jalpaiguri), Old alluvial (Raiganj), new alluvial (Krishnanagar), Red & Laterite (Purulia) and Coastal saline zone (Canning) in the plains of West Bengal were selected for analysis.
Data analysis
The 
Stable rainfall for rice
Considering 3-4 mm daily ET loss and 3-4 mm daily percolation loss from rice field in the eastern Indian region, Singh and Singh (2000) have assumed that a weekly rainfall of 50 mm is sufficient / stable to meet the water requirement of rice crop. Since the average bund height maintained by the farmer is around 50 mm, which is maximum allowable submergence, it was considered that any weekly rainfall above this quantity is ineffective and is going to be lost as run-off (Saha, 2006 
Statistical analysis

Decadal trends
To compare the decadal trends of various parameters, data corresponding to 8 decades like 2020-29, 2030-2039 etc were summarized and compared using one way analysis of variance. "F" values were tested for significance and SE (m) and L.S.D. (5% level) values were calculated, corresponding to each parameter, using standard statistical methods.
Results and Discussion
Decadal changes in the stable rainfall at various growth stages of transplanted rice Accumulated stable rainfall during vegetative, reproductive, maturity as well as during entire growing stage for the rainfed kharif rice crop transplanted from 29 to 35 Standard Meteorological Week (SMW), averaged over decades from 2020s through 2090s for different agroclimatic zones of West Bengal are presented in Tables 1, 2 , 3, 4.
During vegetative stage, the decadal averages of stable rainfall were not found to be much variable and statistically significant. During vegetative stage, against a stable rainfall requirement of 300 mm for 6 weeks period, the agroclimatic zones are likely to receive around 220 to 297 mm across various transplanting weeks and different future periods up to 2099. If the crop is transplanted up to 33 SMW, it is likely to receive maximum stable rainfall in Terai region which is followed by Red and Laterite and Coastal saline zone and least amount will be available in Old and New alluvial zone. With delay in transplanting from 29 SMW, there is a slight reduction in stable rainfall up to 33 SMW and the reduction is steeper when the transplanting is delayed up to 35 SMW. If the transplanting is extended up to 31 st SMW, the vegetative stage of the crop is likely to be affected most by deficit of stable rainfall in the Red and Laterite zones of West Bengal. Though there is little variation in the decadal averages of the stable rainfall during this period, no definite trends with the advancement of the decade towards 2090s were confirmed.
If transplanted during 29 SMW (July 16 to 22), the reproductive stage of rice crop is most likely to receive rainfall which is very near to its optimum requirement of 200 mm and the extent of reduction, if any, may be to the extent of 25%. The status of such water availability pattern is consistent among the entire agroclimatic zones studied for entire future decades from 2020s to 2090s. If the transplanting is delayed up to 31 SMW (July 31 to Aug 5), the extent of reduction of stable rainfall can maximum be a nominal rate of 25%, which is consistent across the agroclimatic zones in future decades. Therefore, data presented in the tables revealed that transplanted rice in different agroclimatic zones of West Bengal will be almost free from water stress during reproductive stage for all the future decades up to 2090s. If the transplanting is delayed by another fortnight, that is 33 SMW (Aug 13rd  to 19 th Aug) a reduction in stable rainfall to the extent of 25% to 50 % (against 200 mm ideal for the stage) can be obtained during various future decades across all agroclimatic zones studied. However, the extent of reduction due to such delay is likely to be much higher in Red and Laterite zone as compared to that in other agroclimatic zones.
However, under situation of extreme late transplanting at 35 SMW the extent of reduction in the stable rainfall availability is likely to be reduced to be 50% to 85% across all the agroclimatic zones and future decades with the extents of such reduction are steeper in Red and Laterite zone. There found to be a little variation in the decadal averages of the stable rainfall during this period but in most of the cases no definite trend with the advancement of the decade towards 2090s were confirmed.
Under complete rainfed condition the maturity stage of rice crop will definitely receive reduced stable rainfall across the agroclimatic zones and over future decadal periods. When the crop is transplanted up to 31 SMW, the extent of shortage in stable rainfall during this stage is likely to the tune of 15 to 50% but, if the transplanting is further delayed up to 33 SMW (13rd Aug to 19th Aug) or 35 SMW (Aug 27th to 2nd Sep) the extent of stable rainfall shortage may be to the tune of 80 to 95 % and it is consistent across agroclimatic zones and future decades. Decadal averages of stable rainfall during this stage did not show any significant trend over the future period up to 2090s.
When the decadal changes of the total stable rainfall during the growing season of rice were compared, it was revealed that the decadal variation was statistically significant for all possible transplanting scenarios up to 35 SMW in Terai zone of West Bengal. The decade of 2080s is likely to receive highest stable rainfall which is statistically different from that of first three decades up to 2040s. However, decadal trend were statistically at par for rest of the agroclimatic zones studied.
If transplanted during 29 SMW, rice crop, in its entire growth period, likely to receive shortage of stable rainfall only to the extent of 6 to 25 % which is increased up to 13 to 33% for transplanting on 31 SMW, 25 to 45% for 33 SMW and 42 to 57% when transplanting is delayed extremely up to 35 SMW. The variation of the stable rainfall over the decades for different growth stages of Rice are plotted on Figure 1 .
Considering stage wise availability of stable rainfall of different growth stages of transplanted rice, it was revealed from the above tables that the amount of rain water deficit is in the order, maturity stage > reproductive stage > vegetative stage. When studied across agroclimatic zones, it is evident that pattern of relative water deficit during different stages with delay in transplanting is almost similar which indicates similar temporal pattern of rain fall distribution during crop growth stages across the agroclimatic zones studied.
Considering the criteria of weekly stable rainfall as described by Singh and Singh (2000) , Saha (2006) 
